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ABSTRACT
 
Energy supply is a prerequisite for enhancing industrial 
development in every nation. Unreliable power supply 
which is peculiar to many developing nations 
particularly the sub-Sahara African countries has been 
reported to be grossly responsible for the poor growth 
industries. Hybrid energy system which combines two or 
more than two energy conversion devices or two or more 
than two fuels for generation of power has been used in 
different regions to enhance the sustainability of 
electricity supply. This paper presents a hybrid 
Photovoltaic/diesel energy system configured to serve a 
peak load (AC) of 18kW.  With fuel price displaying an 
upward trend in recent time, it is expected that price 
increases would occur during the project lifetime. The 
then paper focuses on sensitivity analysis of hybrid 
PV/diesel energy system for an oil and gas industries in 
Nigeria. The research considered six cases of $0.1 per 
liter fuel pump price increment for 20 years project life 
time each.  The study was successful using HOMER 
software based on total net present cost (NPC).  With 
other sensitivity variables such as solar irradiation set 
at 5380Wh/m2/day and battery state of charge set at 
100% and solar Photovoltaic (PV) slope angle set at 
10
o
, it was deduced that as the fuel pump price increases 
the total NPC increases as well. 7% incensement of the 
total NPC was obtained on the six cases from the initial 
total NPC obtained in the first case. The study is 
performed in a special region in South-West of Nigeria 
and can be beneficial to power operators in terms of 
energy planning and cost forecasting.   
 
Keywords: Homer, Hybrid Energy System, Nigeria, 
Photovoltaic, Diesel Generator 
 
INTRODUCTION 
Electricity plays a vital role in the socio-
economic and technological development 
of every nation. Contrary to the 
development in the Organization for 
Economic Co-operation and Development 
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(OECD) member countries, the non-
OECD members, mostly African 
countries, have suffered major setbacks in 
terms of economic growth and 
infrastructural development as a result of 
poor electricity supply. The report in [1] 
indicated that from 2008-2014, over 1.3 
billion people globally are without access 
to electricity. And about 40% of these 
people are in sub-Saharan African 
countries, with around 85% in the rural 
areas. The same report predicted 
electrification rate of only 47% for sub-
Sahara African countries while that of 
North Africa is 99%. This is both for rural 
and urban electrification. 
 
Although most of the non-OECD countries 
like sub-Sahara African countries are 
endowed with resources that can be used 
to generate electricity, yet the supply of 
electricity in the region is always epileptic 
in nature. This is due to lack of good 
access to energy transportation, 
malfunctioning of power grids and some 
social-political crises in the region [2]. As 
a result of these, the social impact on the 
urban settlement is impoverished not to 
mention the rural inhabitants who suffer 
from a much lower electrification 
percentage.  
 
Nigeria is one of the countries rich and 
endowed with fossil energy resources; and 
also renewable energy resources  such as 
solar PV. In fact the average solar 
irradiance in the Nigeria is about 3.5-7.0 
kWh/m
2
/day with an average sunshine 
hour of 6.5 hours given about 4.851x10¹² 
kWh of energy from the sun daily [3]. 
However, most industries including oil and 
gas sector still depend largely on diesel 
energy generation for their electricity 
supply [4]. 
 
With the abundance of both oil fossil and 
renewable energy in Nigeria, the combined 
use of multiple power resources called 
hybrid energy system can be a viable way 
to achieve trade-off solutions in terms of 
costs.  
 
A lot of scholars have designed and 
implemented various configurations of 
hybrid energy systems [5-14]; and 
HOMER software was used to perform the 
optimization of the energy systems based 
on certain optimization variables such as 
total net present cost. The general 
conclusion of many who used solar PV 
and diesel system is that diesel energy 
generation provides more predictable 
power on demand, however the 
operational cost associated with it, cost of 
maintenance and environmental impact is 
relatively high. On the other hand, PV 
systems have distinct environmental 
advantages for generating electricity over 
other diesel energy system because the 
operation of PV systems does not produce 
any noise, toxic-gas and greenhouse 
emission, though its initial cost is high and 
its power is very dependent on the weather 
conditions [12,13].  
 
One major anticipated problem that could 
be associated with any hybrid PV/diesel 
systems is increase in fuel price and 
change in solar radiation. This problem is 
beyond the control of any hybrid PV/diesel 
system designer; as it could be cause by 
change in government policies and 
environmental issues. In Nigeria for 
instance, the price of fuel sources 
including diesel have increased 
tremendously in the last two decades of 
political transformation [14]. Also due to 
climate changes, the solar radiation for 
regions would likely be altered. Based on 
this, it is necessary to carry out a 
sensitivity analysis on hybrid PV/diesel 
energy system.  
 
The purpose of the study is to conduct the 
sensitivity analysis of a hybrid PV/diesel 
energy system based on net present cost, 
using HOMER 2.81V software. The study 
was performed for a selected unit of a gas 
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company located in Lagos Nigeria. The 
region has the latitude of 6°27´N and 
longitude of 3°16´E as well as altitude of 7 
meters above sea level (MASL) [15]. The 
study is a continuation of the research 
work found in [13]. 
 
This research report is organized as 
follows: in section 2, brief discussion of 
the optimization software HOMER, is 
made. In section 3, system description 
and operation strategy is discussed; 
while the governing equations are 
expressed in section 4.  Section 5 deals 
with simulation input data, while 
simulation results analysis is discussed in 
section 6; and sensitivity studies in 
section 7. Finally, section 8 is devoted to 
conclusion. 
 
HOMER SOFTWARE 
HOMER is a computer tool that simplifies 
the task of evaluating design options for 
both off-grid and grid connected power 
systems for remote, stand-alone and grid 
connected systems [16]. HOMER has been 
developed specifically to meet the needs of 
renewable energy industry’s system 
analysis and optimization by United State 
(US) National Renewable Energy 
Laboratory (NREL) since 1993. HOMER 
performs three major tasks namely 
simulation, optimization and sensitivity 
analysis. In the simulation process, 
HOMER models a system and determines 
its technical feasibility and life cycle. In 
the optimization process, HOMER 
performs simulation on different system 
configurations to come out with the 
optimal selection sorted by Net Present 
Cost (called lifecycle-cost). In the 
sensitivity analysis process, HOMER 
performs multiple optimizations under a 
range of inputs to account for uncertainty 
in the model inputs. 
 
SYSTEM DESCRIPTION AND 
OPERATION STRATEGY 
Consider the configuration shown in 
Fig. 1. The system consists of three 
major power sources: diesel generator, 
photovoltaic arrays, and storage 
batteries in addition to inverter which 
converts direct current (DC) voltage to 
AC, and converters which converts AC 
voltage to DC. The system may also 
need a DC-DC boost converter for a 
steady DC input to be fed into the PV 
module in all conditions of PV output 
except when the output is below the 
minimum threshold level. These 
components units have different impacts 
on cost and reliability of the system. In 
the hybrid generation system, the three 
power sources were integrated together 
and complemented each other in order 
to serve the peak load while satisfying 
certain criteria. HOMER was used to 
perform the sensitivity study based on 
total net present cost. 
   
 
Figure 1: Studied hybrid PV/diesel system. 
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Diesel generator system is normally 
designed to provide predictable power on 
demand. When incorporated with PV unit 
as shown in Fig. 1, PV energy should have 
the highest priority to feed the loads. The 
generator is switched ON only when both 
PV and battery cannot serve the loads. If 
the total power generated from PV source 
is insufficient to satisfy the load demand, 
the battery storage can be discharged to a 
certain amount of energy to supply the 
loads. This means that the generator power 
has the lowest priority to feed the load. In 
addition, if there is any excess power from 
PV, the batteries will be charged to store 
this extra energy to a certain level of 
charge for future use and if batteries are 
charged to the maximum allowed level, 
excess amount of energy will be kept as 
dump load.  
 
GOVERNING EQUATIONS 
The power generated by the PV panels is 
given by Equation (1). 
 
)](1[*)(* refCT
ref
PVROUTPV TTK
G
G
PP  
(1) 
 
where PPV-out is the output power generated 
from the PV panel, PR-PV is the PV rated 
power at reference conditions, G is solar 
radiation (W/m²), Gref is solar radiation at 
reference conditions (Gref =1000 W/m²), 
Tref is the cell temperature at reference 
conditions (Tref =25°C), KT is temperature 
coefficient of the PV panel [KT = - 3.7 x 
10-3 (1/°C)] for mono and poly crystalline 
silicon.  
 
Equation (2) is used to calculate the cell 
temperature Tc such that: 
 
)*0256.0( GTT ambC                  (2)
  
where Tamb is the ambient temperature in 
°C. The rated power PR-PV can be 
calculated using the equation  
 
)(**/)*( PSHSEP VRLLPVR    
(3) 
 
where EL is daily load energy, SL is 
stacking factor considered to compensate 
for resistive and PV-temperature losses, 
ηR, ηV are efficiencies of solar charging 
regulator and bidirectional inverter 
respectively, and PSH is the peak sun 
shine hours (numerically equals to daily 
average of solar radiation at the specified 
location).  
 
The storage capacity of the battery (CWh) 
is calculated using Equation (4) [14]: 
 
)**/)*( DODADEC BVLWh    (4) 
 
where DOD is allowable depth of 
discharge of the battery, AD is number of 
autonomy days, and ηB is battery 
efficiency.  
 
The fuel consumption of the diesel 
generator depends on the rated power of 
the generator and the actual output power 
supplied by it. The fuel consumption of the 
diesel generator (FCG) in (W/h) is given 
as: 
 
GRGGGG PBPAFC  **      (5) 
 
where PG, PR-G are the output power and 
the rated power of the generator in (kW) 
respectively. AG and BG are the 
coefficients of the consumption curve in 
(1/kWh) where AG = 0.246 1/kWh and BG 
= 0.08145 1/kWh for the diesel generator. 
 
The total NPC is given as (6) 
 
 p
totann
TiCRF
C
NPC
,
,                  (6) 
 
where 
totannC , is the total annualized cost 
($/year), i  is the annual real interest rate 
(%),
pT is the project lifetime (year), and 
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CRF is the capital recovery factor, 
which is given by (7). 
 
 
 
  11
1
,
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

n
n
ii
ii
niCRF              (7) 
 
Other relevant equations can be obtained 
from [17]. 
 
SYSTEM SIMULATION INPUT 
DATA 
To successfully carry out the system 
technical and economic simulation in this 
work, system solar PV data, and 
component data and load data were 
entered into the specific space provided in 
the HOMER work environment. HOMER 
uses the information provided to perform 
the sensitivity analyses. To achieve a 
viable hybrid system, optimization 
variables were considered. Optimization 
variables are sizes of diesel generators 
(kW), sizes of PV arrays (kW), batteries 
string and sizes of DC/AC converter (kW), 
as shown in Table 1. Net present cost 
(NPC) was chosen as the main criteria for 
calculation of system cost. In this study, 
capital cost, replacement cost, operation 
and maintenance (O&M) cost were 
considered. Capital cost covers the cost of 
transportation, installation and labor. The 
O&M covers the maintenance and 
servicing cost. The study covers a project 
life time of 20 years. 
 
Solar PV input data 
The input data for the solar PV include the 
monthly irradiation, PV panel slope angle 
and the azimuth angle. The optimal tilt 
angle was 10
o
, while the monthly solar 
irradiation of the location and most 
information personated in this section can 
be in [15]. The azimuth angle was taken to 
be 0
o
. 
 
Load input data 
The system loads are AC loads; and they 
are grouped as critical and non-critical 
loads as shown in Fig. 2 and Fig. 3 
respectively. The average energy 
consumption profile of the critical load has 
a baseline or annual load of 9.50kW, 
whereas that of non-critical load is 
0.150kW. Therefore the critical loads 
constitute about 99% of the total annual 
system loads, after adding an increase 
factor of 10% to the account for future 
load demand. In this situation, load 
application varies significantly with solar 
input, so load demand was annualized to 
meet the peak load. Any unused load can 
be regarded as dump load. 
  
 
Figure 2: System critical load inputs. 
 
 
Figure 3: System noncritical load inputs. 
  
 
6 Page 1-12 © MAT Journals 2020. All Rights Reserved 
 
Journal of Power Electronics and Devices  
Volume 6 Issue 1  
 
Component cost/size input data 
The system component size is determined 
by the load. The selected component sizes 
based on various optimization variables 
found in Table 1. The system components 
include the diesel generator, PV panel, 
converter and storage battery. The 
component cost includes the capital cost, 
replacement cost and operation and 
maintenance (O&M).   
For a unit size of 1.00kW, a capital and 
replacement cost of $1500 was achieved 
at a diesel price of $1.00 for the 
generator. The generator has operating 
hours of 1500 for its lifetime at load 
ratio of 30 with O&M of 0.133$/year.  
HOMER assumes all prices escalated at 
the same rate. However, it is possible to 
model the escalation of diesel price at 
different rates. 
  
Table 1: System optimization variables. 
PV array (kW) Generator (kW) H3000 battery (strings) Converter (kW) 
0.000 0.00 0 0.00 
5.500 7.50 2 10.00 
9.500 10.00 4 17.00 
13.500 15.00 6 19.00 
19.000 20.00 8 20.00 
20.000 25.00 10 21.00 
 
The solar input data considered are the 
monthly solar irradiation which gave a 
yearly irradiation of 5380kW/m
2
/day. A 
tilt angle of 10
o
 was also considered with 
an azimuth angle of 0
o
 West of South; and 
it was assumed that there was no shading 
and tracking. A unit size of 1.400kW at 
$4500 unit price was achieved. The 
replacement cost is $4500.00 and the 
O&M cost is 20$/year. The operating 
lifetime of the PV panel is 20 years at 80% 
derating factor.  
 
For the converter, a unit size of 1.00kW 
was considered at $1100 capital cost and 
replacement cost. The O&M cost is 
110$/year. The efficiency of the inverter is 
90% while that of the rectifier is 85% at 15 
years lifetime. 
 
The storage battery has norminal size of 
2V, 3000Ah and 6kWh. The unit capital 
and replacement cost is $4000 and the 
O&M cost is $20 at 4 years life time. The 
battery initial state of charge is 100%. The 
total bus voltage of the battery is 24V, 
accommodating 12 batteries in one string. 
 
SIMULATION RESULTS AND 
ANALYSIS 
System cost analysis 
The components operational costs of the 
system are shown in Fig. 4. The system 
has a total NPC of $793524 over the 
project lifetime. Generator contributed a 
total cost of $521837 where fuel cost 
had $298870. The cost of the converter 
system is $48955 while the cost of 
battery and PV are $145983 and $76749 
respectively. For the components capital 
cost: generator is ($22500), converter 
($18700); PV and battery are highest: 
PV ($64286) and battery ($9600). 
Furthermore, for the O&M cost, 
generator is ($120628), converter 
($23905) battery ($6136), and the least 
is PV, ($3652). 
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Figure 4: System’s cash flow summary. 
 
Environmental analysis  
Green-house-gas (GHG) pollutants include 
carbon dioxide, carbon monoxide, 
unburned hydrocarbons, and particulate 
matter, sulfur dioxide and nitrogen oxides . 
The total GHG emission for 
PV/diesel/battery hybrid system is 
100642kg/year . This is shown in Fig. 4. 
 
 
Table 2: System’s GHG emission. 
Electricity supply analysis  
As shown in Fig. 5, the lowest period of 
PV production is in the month of May; 
whereas the month of August had the 
highest yield. The production trend in the 
month of May closely matched the average 
annual load, which is 9.50kW. This system 
has displayed one of the key advantages of 
a hybrid system incorporating solar 
renewable energy sources, which includes 
reduction in the operating periods of the 
generator as shown in Table 2. This was 
during the dry season months (January, 
February, March, April, November and 
December), when solar irradiation is high. 
 
 
Figure 5: System’s electricity supply. 
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System’s generator output  
As shown in Fig. 6, the system has a 
15kW rated diesel generator. The actual 
output ranges from 9.27kW-15kW. This 
means either PV or battery produces 3kW 
to meet parts of the system peak load, 
which is 18kW. The black spec portions of 
the graph shows the periods when the 
generator is not running, particularly from 
0700-1800 hours. 
 
 
Figure 6: System generator output. 
 
System Battery output  
In Fig. 7, the output of the system storage 
battery is shown. The frequency at which 
the battery has 100% state of charge 
(SOC) is 1, meaning the battery is not 
often at the selected state-of-charge. This 
is indicated in the battery bank state-of-
charge speck where red (100% SOC) is 
only seen in the month of December. The 
battery is cycled from full state-of-charge, 
(100% ⇒ 30% ⇒ 100%). The highest SOC 
frequency is 40. This occurs between the 
months of April to August. 
 
 
Figure 7: System battery output. 
 
System’s PV output  
As shown in Fig. 8, the system PV array 
capacity is 20kWp. The PV operates for 
about 12 hours daily (between 0600-1800 
hours); and no production between 0000-
00600 hours and (1900-2400) hours. More 
energy is produced in the dry season 
months when the solar irradiation is high.
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Figure 8: System PV output. 
 
System’s converter output 
Fig. 9 shows the converter output. The 
inverter is shown at the top while the 
rectifier is shown at the bottom.  The 
capacity of the inverter is 18kW while the 
rectifier is sized 9kW. The inverter follows 
the positive trend of the PV while the 
rectifier follows the negative trend. The 
maximum inverter output is 12.8kW. The 
inverter is reasonably sized to serve the 
system average load, which is 10.4kW. 
The inverter operates mostly from 0600-
1800 hours, particularly when it is needed 
to convert the PV direct-current to AC.
  
 
Figure 9: System converter output. 
 
SENSITIVITY ANALYSIS  
Different sensitivity variables such as 
battery state of charge (SOC), PV array tilt 
angle, solar irradiation and fuel price can 
be used to conduct sensitivity study of a 
renewable system. 
  
Table 3: Effect of change in diesel price on NPC in 6 years. 
Cases Change in diesel price($/L) NPC($) for 20 years 
Year 1 1.00 793524 
Year 2 1.10 824700 
Year 3 1.20 856578 
Year 4 1.30 888090 
Year 5 1.40 919821 
Year 6 1.50 951081 
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Since it is possible to model the escalation 
of diesel price at different rates, effect of 
change in diesel price for the hybrid 
system was studied for six years. 
Therefore in this study, calculations are 
based on current prices and possible 
further increases of the diesel prices for the 
six years. Table 3 shows the further 
increase in diesel price per liter (L) and the 
effect on the total NPC for 6 years. Other 
sensitivity variables such as the battery 
SOC was fixed at 100% and the PV array 
tilt angle at 10
o
. It can be seen that NPC 
increases as the fuel price increases over 
the years. The fuel pump price is placed on 
the increment of 0.1 $/L for the hybrid 
system. 
 
At the first case, the total NPC was 
obtained as $793524 at fuel price of $1.00 
per liter. This increased to $824700 when 
the fuel prices increased to $1.10 per liter. 
This increase in total NPC trend continued 
in the project life time up to the six cases 
when the fuel price increased to $1.00 per 
liter. 
 
 
Figure 10: Effect of change in diesel price on total NPC. 
 
 
Figure 11: Percentage rate of total NPC as a result of change in diesel price. 
 
The relationship between the increase in 
diesel price and the first six years is shown 
in Fig. 10. Here it can be seen that fuel 
price is displaying an upward trend, as the 
years go, Fig. 11 shows the percentage 
increase in the total NPC as a result of 
increase in fuel price. It is clearly seen that 
in the sixth case the total NPC percentage 
increased 20% from the initial value of 
13% in the first case. 
CONCLUSION 
A sensitivity study of a supposed 
autonomous hybrid PV/diesel/battery 
system, comprising of a 15kW diesel for 
18kW generator capacity, 20kWp of PV, 
and a 17kW converter, was carried out. 
The study was successful with the use of 
HOMER software with an average annual 
load of 9.50kW.  The study considered 6 
different cost of diesel at fixed SOC of 
0
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100%, PV array slope angle of 10
o
 and 
average annual solar irradiation of 
5380Wh/m
2
/day. It was observed that as 
the diesel price increases, the NPC 
increases as well. The hybrid system was 
designed for special location in South 
West of Nigeria, which has a typical 
situation for many similar regions around 
the world.  So, powers system operators 
operating in this region and similar 
location can find help in this work in terms 
of system planning and cost forecasting. 
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